Hyperinsulinemia is related to coronary artery disease (CAD), as an indication of decreased insulin sensitivity. Although there are many studies showing the relation between fasting insulin levels and insulin resistance, there are fewer studies on postprandial insulin levels. The aim of the present study was to investigate the relationship between postprandial insulin levels and CAD and its extent in our patients. For this purpose, oral glucose tolerance testing was performed in 222 patients with no known diabetes and who were scheduled to undergo diagnostic coronary angiography. The patients were first separated into two groups, one group (group I) having an insulin response within reference values to oral glucose loading, and the other group (group II) with a higher than normal insulin response. The presence and extent of CAD in the two groups were compared. While 65% of the patients in group 1 had CAD, this rate increased to 79% in group 2 patients (P = 0.02). The mean vessel scores were 0.92 ± 0.78 in group 1 and 1.67 ± 0.99 (P < 0.0001) in group 2 patients. The stenosis scores were 2.192 ± 2.077 in group 1 and 5.588 ± 3.519 (P < 0.001) in group 2, while the extent scores were 1.230 ± 1.292 in group 1 and 2.729 ± 1.847 in group 2 (P < 0.0001). The differences between the two groups were significant. Postprandial insulin values were positively correlated with CAD (P = 0.001, r = 0.214), vessel scores (P < 0.0001, r = 0.326), stenosis scores (P < 0.0001, r = 0.261), and extent scores (P < 0.0001, r = 0.419). Logistic regression analysis revealed hyperinsulinemia increased CAD independent from the other risk factors (OR = 5.742, CI 95%: 1.809-18.227, P = 0.003). (Int Heart J 2005; 46: 761-770) Key words: Postprandial hyperinsulinemia, Severity of coronary artery disease HYPERINSULINEMIA, which is an indication of decreased insulin sensitivity, is recognized as an independent risk factor for CAD.
muscle cells and in macrophages, 3) an increase in inflammatory mediators (TNF-α, IL-6), 4) and causing hypertension by increasing the activity of the sympathetic nervous system and sodium load in the vessels. 5) Many studies are available in the literature on cardiovascular diseases in patients diagnosed with metabolic syndromes and insulin resistance. However, the majority of these studies were performed by examining fasting insulin and glucose levels. 6) Postprandial glucose 8, 9) and lipid 10) values became the focus of attention after the hypothesis was developed that atherogenesis is a postprandial phenomenon 7) and CAD was related to these values. The aim of the present study was to investigate the correlation between postprandial (stimulated by glucose) insulin levels and coronary heart disease since there is a paucity of studies in this area.
METHODS
Oral glucose loading (75 grams) was conducted in 222 consecutive patients referred to the Dicle University Department of Cardiology with no known diabetes and who were scheduled to undergo diagnostic coronary angiography. Insulin and lipid levels were measured in venous blood samples collected from patients before and 120 minutes after glucose loading. The patients were initially separated into two groups consisting of those with insulin levels within reference values (group 1) and those with insulin levels higher than normal (group 2). The presence and extent of coronary artery disease were then compared by coronary angiographic examinations in the two groups. Coronary angiography: Coronary angiography and ventriculography were performed by the Judkins technique. Angiographies were interpreted by two cardiologists. Coronary artery disease was defined as ≥ 50% reduction in internal diameter of the left anterior descending, right or circumflex coronary artery, or their primary branches. Patients without angiographic lesions were considered to be without CAD. Vessel score: Scoring was based on the number of vessels involved and ranged from 0 to 3. Left main coronary artery stenosis was scored as 1 vessel disease.
11)
Extent score: This score was developed by Negri, et al 12) and modified by Birnie, et al. 13) The coronary circulation is divided into 15 segments, 8 of which are classified as first-order segments: the left main coronary artery, proximal, middle and distal left anterior descending, proximal and middle right coronary artery and proximal and distal circumflex coronary artery. There are 7 second-order segments: the distal right coronary artery, posterior descending branch, obtuse marginal and posterolateral branches of the circumflex artery, and the first 2 diagonal branches of the left anterior descending artery. The 8 first-order segments Vol 46 No 5 received a score of 1 if there was any evidence of atherosclerosis, and the secondorder segments scored 0.5. The overall score is the sum of the individual segment scores and the maximum score is 11.5. Stenosis score: This was a modified Gensini score.
14) The most severe stenosis in each of the 8 segments was graded according to severity, that is: a grade of 1 for 1% to 49%, 2 for 50% to 74%, 3 for 75% to 99% reduction in lumen diameter, and 4 for total occlusion. The scores were added together to give a total score out of a theoretical maximum of 32. Statistical analysis: The results were recorded using a SPSS statistical program and are presented as the mean ± standard deviation. Student's t-test was used to analyze the mean insulin levels among the groups and the chi-square test was used to analyze categorical samples. The correlation between insulin levels and coronary artery disease was determined using Spearman's correlation analysis. Logistic regression analysis was used to determine the relationship between the risk factors, insulin levels, and CAD. A P value < 0.05 was considered statistically significant.
RESULTS
The patient group consisted of 222 people (mean age, 52.87 ± 10.74, range, 33-75), 178 (80%) of whom were men and 44 (20%) women. There were 132 (59%) smokers and 114 (51%) hypertensives (defined as a blood pressure of at least 140/90 mmHg and/or receiving antihypertensive therapy). The indications for coronary angiography were an old myocardial infarction (MI) in 87 patients (39.8%), stable angina pectoris in 54 patients (24.32%), unstable angina pectoris in 65 patients (29.27%), and valvular heart disease and an etiology for cardiomyopathy or other condition in 16 (7.20%) patients. Electrocardiography (ECG) in the patients with old MI revealed an anteroseptal MI in 29 (13%) patients, ante- rior MI in 12 (5%) patients, inferior MI in 30 (13%) patients, and non-Q MI and consequent anteroseptal R wave irregularity in 16 (7%) patients. The ECGs in the patients with stable and unstable angina pectoris revealed various degrees of S-T segment shift and T wave changes. Echocardiographic examination showed the mean left ventricular ejection fraction (LVEF) of the entire patient population was 57.35%. There was no statistically significant difference with respect to LVEF between group 1 and group 2 (group 1 = 58.12%; group 2 = 57.11%, P = 0.81). There were significant differences between the two groups with respect to left ventricular diastolic function parameters. Left ventricle posterior wall thickness was higher in group 2 than in group 1 ( Table I ). The mean change in total cholesterol was 167.62 ± 43.76 (76-283) mg/dL (4.34 ± 1.13 mmol/L), mean LDL 115.13 ± 37.14 (57-204) mg/dL (2.98 ± 0.96 mmol/L), mean HDL 37.87 ± 10.39 (20-58) mg/dL (0.94 ± 0.26 mmol/L), and mean tryglicerides (TG) 119.15 ± 77.35 (26-451) mg/dL (2.95 ± 1.91 mmol/L) in the study group. The postprandial insulin levels of 170 patients (76%) were above Table II . Characteristics of Group 1 (hyperinsulinemia (-)) and Group 2 (hyperinsulinemia (+)) Patients Table II . The data for the study group were assessed in terms of metabolic syndrome (MS), which was defined according to the criteria recommended by Adult Treatment Panel-III (ATP-III).
15) The overall incidence of MS in the patients was found to be 32.8% (n = 73). The incidence of MS was 31.4% (n = 56) in males and 38.6% (n = 17) in females. The rate of MS was 26.9% in group 1 and 34.7% in group 2. The MS rate was 23.3% in group 1 males, 33.1% in group 2 males, 31.8% in group 1 females, and 45.4% in group 2 females. The overall rates of MS in males and females were significantly higher in group 2 compared to group 1 (P< 0.0001, P < 0.0001, P < 0.0001, respectively) ( Figure 1) . Calculations following angiographic analysis: CAD was detected in 65% (34/52) of the patients in group 1 and in 79% (134/170) in group 2 (P = 0.02).
Mean vessel scores were 0.92 ± 0.78 in group 1 and 1.67 ± 0.99 (P < 0.0001) in group 2, and mean stenosis scores were 2.19 ± 2.07 in group 1 and 5.58 ± 3.51 in group 2 (P < 0.0001). Mean extent scores were 1.23 ± 1.29 in group 1 and 2.72 ± 1.87 in group 2 (P < 0.0001) (Figure 2) .
Positive correlations were detected in the correlation analysis between postprandial insulin levels and CAD (P = 0.01, r = 0.214), vessel scores (P < 0.0001, r = 0.326), stenosis scores (P < 0.0001, r = 0.261), and extent scores (P < 0.0001, r = 0.419).
In the logistic regression analysis to evaluate the risk factors, it was observed that postprandial hyperinsulinemia was an independent risk factor for CAD (OR = 5.742, CI 95%: 1.809-18.227, P = 0.003). Postprandial hyperinsulinemia and other risk factors are shown in Table III .
Furthermore, the fasting insulin levels and CAD of patients were compared.
The mean fasting insulin levels in patients with CAD was 14.25 ± 4.99 µIU/mL and 7.79 ± 3.62 µIU/mL in patients with no CAD (P < 0.0001). When patients were examined according to the proportion of insulin levels above and below 17
µ IU/mL, vessel scores (1.59 ± 0.85 and 0.98 ± 0.51; P < 0.0001), stenosis scores (5.25 ± 2.97 and 3.42 ± 1.95; P < 0.0001), and extent scores (2.93 ± 1.91 and 1.19 ± 1.11; P < 0.0001) were significantly higher in the patients with high fasting insulin levels (n = 41; 18.47%) than in the patients with normal fasting insulin levels (n = 181; 81.53%). Positive correlations between fasting insulin levels and CAD (P = 0.03, r = 0.211), vessel scores (P < 0.0001, r = 0.295), stenosis scores (P < 0.0001, r = 0.244), and extent scores (P < 0.0001, r = 0.389) were detected in correlation analysis.
The correlations between the summation of fasting and postprandial insulin levels and CAD (P = 0.004; r = 0.191), vessel scores (P < 0.0001; r = 0.317), extent scores (P < 0.0001; r = .0234), and stenosis scores (P < 0.0001; r = 0.0406) were investigated. Positive correlations were detected. The ratios of the summa- tion of insulin levels/summation of glucose levels and CAD (P = 0.003; r = 0.165), vessel scores (P = 0.004; r = 0.194), extent scores (P = 0.002; r = 0.201), and stenosis scores (P < 0.0001; r = 0.288) were investigated. Positive correlations were again detected.
The correlations between fasting insulin/glucose ratio and CAD (P = 0.003; r = 0.198), vessel scores (P < 0.0001; r = 0.214), extent scores (P < 0.0001; r = 0.234) and stenosis scores (P < 0.0001; r = 0.246) were examined and positive correlations were detected. Also, the homeostatic model assessment (HOMA) index, which is believed to be a simple and reliable method that has been used for a long time, was calculated. 16) The correlations between the results and CAD (P = 0.003; r = 0.197), vessel scores (P = 0.001; r = 0.201), extent scores (P < 0.003; r = 0.188), and stenosis scores (P < 0.004; r = 0.172) were investigated. Positive correlations were detected.
DISCUSSION
The majority of the studies investigating the correlation between insulin levels and CAD are based on fasting insulin levels. 1, 2, [17] [18] [19] [20] [21] The main aim of the present study was to investigate the correlation between postprandial insulin levels and CAD as well as the severity of CAD. On the other hand, fasting insulin levels were studied and found to be positively correlated with CAD, a result which is consistent with those in the literature. In our study, the correlations between CAD and fasting and/or postprandial insulin levels were similar. Hyperinsulinemia was presented as a predictor of CAD in these studies. It was observed also in our study that hyperinsulinemia was correlated to the presence of CAD (group 1, 65%, group 2, 79%, P = 0.02). However, in the majority of these studies, CAD was detected according to the medical records and/or documented clinical information. In our study, on the other hand, postprandial (stimulated by glucose) insulin levels and the presence and extent of CAD were compared, and the presence and extent of CAD was presented based on coronary angiographic data. According to our results, hyperinsulinemia is correlated with vessel scores (group 1, 0.92 ± 0.78, group 2, 1.67 ± 0.99, P < 0.0001), stenosis scores (group 1, 2.19 ± 2.07, group 2, 5.58 ± 3.51, P < 0.0001), and extent scores (group 1, 1.23 ± 1.29, group 2, 2.72 ± 1.87, P < 0.0001) respectively, which can be evaluated as indications of severity of CAD. Our study constitutes an example as it correlates hyperinsulinemia with extent of CAD.
Furthermore, according to our results, postprandial hyperinsulinemia has an independent role related to CAD from major cardiovascular risk factors (OR = 5.742, CI 95% 1.809-18.227, P = 0.003) (Table II) . Some studies support this finding, 1, 2, [15] [16] [17] [18] [19] however, others state that hyperinsulinemia and insulin resistance are not independent risk factors due to smoking, hypertension, and dyslipidemia. 20, 22, 23) However, the majority of the data in the literature state that hyperinsulinemia is an independent risk for hyperinsulinemia. It was confirmed that high postprandial insulin levels are also a risk factor for CAD and its prevalence.
MS is closely related to hyperinsulinemia and insulin resistance. 24) A high rate of MS was seen in our study population. These rates are similar to the mean rates in Turkey. 25) However, the rates are lower than those in the United States, 26) Europe, 27) and Japan. 28) In our study, a positive correlation was found between MS and CAD, a finding which was consistent with the literature as well. 20, 29) There are several methods to demonstrate insulin resistance. One is the HOMA index, which is widely accepted and has been used for a long time. 16) In our study, the HOMA index, as a marker of insulin resistance, was found to be related to CAD and severity. Insulin/glucose rates and cumulative fasting and postprandial insulin and glucose levels may also exhibit insulin resistance and consequently may represent the degree of atherosclerosis. 30, 31) In our results, the insulin/glucose ratio and cumulative insulin levels were correlated with CAD.
In our study, the increase in left ventricle posterior wall thickness and deterioration of diastolic function parameter rates were higher in the hyperinsulinemic patients than in the normo-insulinemic patients. These findings are consistent with several studies in the literature which show the combination of high insulin levels, hypertension, and left ventricular hypertrophy. [31] [32] [33] There have been some studies on the ways high insulin levels manifest their unwanted effects by increasing low density lipoprotein (LDL) receptor activity in arterial smooth muscle cells and in macrophages, increasing inflammatory mediators (TNF-α, IL-6), and causing hypertension by increasing the activity of the sympathetic nervous system and sodium load in the vessels. [3] [4] [5] Furthermore, it is known that hyperinsulinemia is an early phase of diabetes, and a significant percentage of hyperinsulinemic patients later develop diabetes. 34) The known negative interaction of diabetes with cardiovascular diseases is more prominent than that of hyperinsulinemia. Diabetes has even been accepted as a CAD equivalent. 15) When the close relation between diabetes and CAD is taken into consideration in reverse, it is thought that patients with CAD without hyperinsulinemia, insulin resistance, and/or diabetes, are also at high risk of developing hyperinsulinemia and diabetes in later stages. Defects in glucose and insulin use in all tissues, primarily in muscle tissue, as a result of blood flow and microvascular circulation irregularity is thought to be a reason for this. 35) After the close relation of these two clinical conditions was revealed, the potential to develop diabetes during follow-up in patients without diabetes, and the positive and negative effects of various drugs on the potential to develop diabetes began to be emphasized frequently in large-scale cardiovascular stud-Vol 46 No 5 ies. 36, 37) As the clinical importance of hyperinsulinemia become apparent, protective strategies in the future in patients with CAD without diabetes may be developed by the testing of fasting, and perhaps especially, postprandial insulin levels.
In conclusion, our study found that postprandial hyperinsulinemia is an independent risk factor accompanying increased cardiovascular risk. Postprandial hyperinsulinemia is related to the extent and severity of CAD, as well as to its presence.
